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(57) ABSTRACT

A cooling device for multiple heat generating components 1s
disclosed, which includes an evaporator (1), a condenser (3),
a vapor conduit (6), a liquid conduit (5) and a diffluent mem-
ber (19). The evaporator includes at least two cooling mem-
bers (15) for thermally contacting the multiple heat-generat-
ing components, respectively. Each of the cooling members
defines therein a fluid flow channel (22) for passage of a
refrigerant fluid. The vapor and liquid conduits each are con-
nected between the cooling member and the condenser. The
diffluent member 1s 1n fluild communication with the liquid
conduit and the fluid flow channel of each of the cooling
members. The diffluent member functions to evenly distrib-
ute the refrigerant fluid into the cooling members so as to
maintain the same heat removal capacity for the cooling
members.

19 Claims, 9 Drawing Sheets
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COOLING DEVICE FOR MULTIPLE
HEAT-GENERATING COMPONENTS

FIELD OF THE INVENTION

The present invention relates generally to an apparatus for
transier or dissipation of heat from heat-generating compo-

nents, and more particularly to a cooling device for dissipat-
ing heat simultaneously from multiple heat-generating com-
ponents.

DESCRIPTION OF RELATED ART

As progress continues developing 1n electronic industries,
clectronic components such as integrated circuit chips includ-
ing central processing units (CPUs) of computers are made to
have more powertul functions to enable them to be capable of
processing data at a higher speed. However, the amount of
heat generated by these electronic components during their
normal operations 1s also commensurately increased, which
in turn will adversely affect their workability and stability. If
the generated heat 1s not timely removed away from these
clectronic components, they will become overheated and
finally damaged. Thus, cooling devices such as heat sinks
plus cooling fans are commonly required to remove heat from
these electronic components.

Currently, 1n order to maintain a high speed of data process
and meanwhile solve the overheating problem, more than one
CPU 1s generally provided 1n a single computer, especially 1in
a server computer, so as to reduce the heat load placed on a
single CPU. In this situation, a cooling device that 1s capable
of removing heat simultaneously from multiple heat-gener-
ating components 1s generally required to dissipate the heat
generated by the CPUs. To etfectively take the heat away from
cach of the CPUs, the cooling device 1s also required to
maintain the same heatremoval capacity for each of the CPUs
so as to prevent any particular one of the CPUs from becom-
ing overheated due to an 1nsuilicient cooling.

FIG. 8 illustrates a conventional cooling device which
includes two heat sinks 100 attached to two CPUs 200,
respectively, for cooling the CPUs 200. An airflow generated
by a blower (not shown) 1s guided via a first air duct 300
towards the first heat sink 100 mounted to one of the CPUs
200. After flowing through the first heat sink 100, the airflow
1s guided via a second air duct 400 to the second heat sink 100
mounted to the other of the CPUs 200. Thus, the heat gener-
ated by the CPUs 200 1s respectively taken away by the heat
sinks 100. However, these heat sinks 100 are generally made
ol metal material such as aluminum and are therefore nca-
pable of effectively removing the heat of the CPUs 200 due to
theirr low heat removal capacity. In addition, the cooling
device does not maintain the same heat removal capacity for
cach of the CPUs 200. After passing through the first heat sink
100, the airflow has become hot and therefore cannot effec-
tively take the heat away from the second heat sink 100.

It 1s well known that when electronic components are
cooled down to below ambient temperature, their operating
eiliciency will be greatly improved. Refrigeration systems are
such cooling device that can be used to cool electronic com-
ponents to temperatures below ambient or even below zero
centigrade degree. A refrigeration system generally includes
an evaporator, a condenser and tubes connecting the evapo-
rator and the condenser. The refrigeration system employs a
reirigerant fluid circulating therethrough to thereby take heat
away Irom the electronic components. As illustrated 1n FIG.
9, the evaporator 500 1s received 1n a casing 600 and 1s

attached to the CPU 800 for removing heat from the CPU 800.
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An O-ring 700 1s attached to a circumierential periphery of
the evaporator 500 to maintain the evaporator 500 1n place.
However, 1n assembly, a bottom surface of the evaporator 500
1s prone to disengage from a top surface of the CPU 800 since
no effective mechanism 1s provided to maintain the evapora-
tor 500 in a horizontal orientation so that 1t can have an
intimate engagement with the CPU 800. As a result, the
evaporator 300 may 1ncline to one side thereof, as exagger-
atedly shown 1n FIG. 9, which greatly impair the heat dissi-
pating effect thereol. Furthermore, since the evaporator 500
and the CPU 800 are located at the same housing defined by
the casing 600, moisture generated by the evaporator 500 and
accumulated on an outer surface thereol during 1its cooling
operation may drop directly on a motherboard on which the
CPU 800 and other electronic components are mounted. Such
moisture will affect the CPU and the other electronic compo-
nents, which are sensitive to the moaisture.

Therefore, 1t 1s desirable to provide a cooling device which
overcomes the foregoing disadvantages.

SUMMARY OF INVENTION

The present invention relates to a cooling device for remov-
ing heat from multiple heat-generating components. In one
embodiment, the cooling device includes an evaporator, a
condenser, a vapor conduit, a liquid conduit and a diffluent
member. The evaporator includes at least two cooling mem-
bers. The cooling members are adapted for thermally contact-
ing the multiple heat-generating components, respectively.
Each of the cooling members defines therein a flmd tlow
channel for passage of arefrigerant fluid. The refrigerant fluid
1s capable of turning into vapor 1n the cooling member upon
receiving the heat from the heat-generating components. The
vapor and liquid conduits each are connected between the
cooling member and the condenser. The vapor generated 1n
the evaporator 1s capable of being transferred via the vapor
conduit to the condenser and turning into condensate in the
condenser upon releasing the heat. The condensate 1s capable
of being transierred via the liquid conduit to the cooling
members. The diffluent member 1s 1n flud communication
with the liquid conduit and the flmd flow channel of each of
the cooling members. The diffluent member functions to
evenly distribute the condensate 1nto the cooling members so
as to maintain the same heat removal capacity for the cooling
members and to thus prevent any particular one of the heat-
generating components from becoming overheated due to an
isuificient supply of the refrigerant tluid.

Other advantages and novel features of the present inven-
tion will become more apparent from the following detailed
description of preferred embodiment when taken in conjunc-
tion with the accompanying drawings, 1n which:

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a diagrammatic, partially cross-sectional view of
a cooling device 1n accordance with a first embodiment of the
present invention;

FIG. 2 1s an 1sometric view of an evaporator of the cooling
device of FIG. 1;

FIG. 3 1s a cross-sectional view of the evaporator of FIG. 2,
taken along line III-1II thereof;

FIG. 4 1s an exploded, 1sometric view of the evaporator of
FIG. 2;

FIG. 5 1s a top plan view of a lower portion of a cooling
member of the evaporator of FIG. 2;

FIG. 6 1s an exploded, 1sometric view of a cooling device in
accordance with an alternative embodiment of the present
invention;
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FIG. 7 1s an 1sometric view of a lower portion of a cooling
member of the cooling device of FIG. 6;

FI1G. 8 1s a diagrammatic, partially cross-sectional view of
a cooling device 1n accordance with the conventional art; and

FI1G. 9 15 a diagrammatic, cross-sectional view showing an
evaporator of a refrigeration system for cooling a CPU.

DETAILED DESCRIPTION

FI1G. 1 1s a diagrammatic representation of a cooling device
for removing heat simultaneously from multiple heat-gener-
ating components 1n accordance with a first embodiment of
the present invention. Typically, the heat-generating compo-
nents are two CPUs 10 mounted on a motherboard 11 and
spaced from each other. The cooling device includes an
evaporator 1, a vapor conduit 6, a compressor 2, a condenser
3 and a liquid conduit 5. These components are connected
together 1n series to form a refrigeration system.

The evaporator 1 contains therein two discrete cooling
members 15. The cooling members 15 are respectively
secured to the CPUs 10 by a clamping mechanism 18 which
includes a top cover 18a and a bottom partition plate 185
located below the top cover 18a. The top cover 18a and the
partition plate 1856 are mounted to the motherboard 11 by a
plurality of screws 34 extending through locking ears (not
labeled) formed on the clamping mechanism 18, as shown 1n
FIG. 2. Accordingly, an interior of the evaporator 1 1s divided
into two chambers, 1.¢., a first chamber 20 between the top
cover 18a and the bottom partition plate 185 and a second
chamber 21 between the partition plate 185 and the mother-
board 11, both of which are hermetically sealed from an
ambient environment and from each other. The cooling mem-
bers 15 and the CPUs 10 are respectively recerved in the first
and second chambers 20, 21 and are therefore kept heat-
1solated from the ambient environment. A diffluent member
19, locating between the two cooling members 15, 1s also
contained 1n the first chamber 20 and 1s 1n fluid communica-
tion with the vapor and liquid conduits 6, 5. A back plate 12 1s
provided under the motherboard 11 opposite to the clamping
mechanism 18 to hermetically seal the motherboard 11 within
the second chamber 21.

In the present cooling device, each of the cooling members
15 includes an upper portion 15a and a lower portion 155
located above and connected to the lower portion 155. The
lower portion 155 has a cooling surface 23 1n thermal contact
with a corresponding CPU 10 for receiving the heat generated
by the CPU 10. The lower portion 155 defines therein a fluid
flow channel 22 for passage of a refrigerant fluid to thereby
take the heat away from the corresponding CPU 10. The fluid
flow channel 22 1s in fluidd communication with the diffluent
member 19. The refrigeration system employs the refrigerant
fluid circulated so as to alternatively absorb and release ther-
mal energy. Specifically, the refrigerant fluid absorbs exces-
stve thermal energy from the CPUs 10 as 1t flows through the
fluid flow channel 22 defined 1n each of the cooling members
15 and evaporates into vapor. The generated low pressure
vapor exits the cooling members 15 and 1s fed, along the vapor
conduit 6, to the compressor 2 for being compressed to a high
pressure vapor. The resulting high pressure vapor 1s then fed
to the condenser 3 where the thermal energy carried by the
vapor 1s released and where the vapor 1s condensed into
condensate. The condensate then returns back to the cooling
members 15 via the liquid conduit 5, thus forming a heat
transier loop and effectively taking the excessive heat away
from the CPUs 10. In order to bring the condensate rapidly to
the cooling members 13, the liquid conduit 5 1s preferably in
the form of a capillary tube. In addition, a cooling fan 4 1s
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4

attached to the condenser 3 to produce a forced airtlow
towards the condenser 3 for achieving a better heat exchange
cifect between the high pressure vapor and the ambient envi-
ronment.

Referring now to FIGS. 2-4, certain additional details
regarding the evaporator 1 will be apparent from these draw-
ings. The upper portion 15a of each cooling member 15
centrally defines arecess 25 at a top surface thereof. An elastic
member such as a helical spring 28 1s located between the top
cover 18a of the clamping mechanism 18 and the upper
portion 15a. The helical spring 28 1s compressed and a bottom
end thereot 1s positioned 1n the recess 25 of the upper portion
15a. Further, the upper portion 154 has an annular abutting,
wall 26 itegrally extending upwardly from 1its top surface.
The abutting wall 26 surrounds the recess 25. Correspond-
ingly, the top cover 18a of the clamping mechanism 18
defines at a surface thereof an annular recerving groove 27 for
receiving a top portion of the abutting wall 26. Preferably, a
resilient gasket 31 1s placed 1n the recerving groove 27 and 1s
deformable under the engagement of the abutting wall 26 1n
the receiving groove 27. The abutting wall 26 and the helical
spring 28 cooperatively produce a downward pressing force
evenly and uniformly urging each cooling member 15
towards the corresponding CPU 10, and meanwhile maintain
the cooling member 15 1n an intimate contact with the CPU
10.

The diffluent member 19 has a box-like structure and
defines therein a first housing 40 and a second housing 41. A
top plate 194 of the diffluent member 19 defines therein a pair
of openings (notlabeled) for extension ofthe liquid and vapor
conduits 5, 6 respectively nto the first and second housings
40, 41. Meanwhile, the first and second housings 40, 41 are 1n
fluid communication with the fluid flow channel 22 of each
cooling member 15 via a pair of connecting tubes 24. The
generated vapor in the fluid flow channel 22 escapes the
cooling member 15 from an outlet 38 of the fluid flow channel
22 and enters into the second housing 41 of the diffluent
member 19 via one of the connecting tubes 24. The vapor then
goes, via the vapor conduit 6, into the condenser 3 for releas-
ing the heat carried thereby. On the other hand, the condensate
resulting from the vapor goes 1nto the first housing 40 of the
diffluent member 19 via the liquid condwt 5. Then, the con-
densate 1n the first housing 40 1s evenly divided into two
currents of condensate and each current of the condensate
returns back to the fluid flow channel 22 of each cooling
member 15 from an inlet 39 of the fluid flow channel 22 via
the other of the connecting tubes 24. Thus, the diffluent mem-
ber 19 functions to evenly distribute the condensate 1nto the
two cooling members 15 so as to maintain the same heat
removal capacity for the cooling members 15 and to prevent
any particular one of the CPUs 10 from becoming overheated
due to an 1nsuificient supply of the condensate.

The partition plate 1856 of the clamping mechanism 18
defines therein two through holes (not labeled) for extension
of the two cooling members 15 respectively to allow the
cooling surface 23 of each of the cooling members 15 to
contact with the corresponding CPU 10. Besides, in the par-
tition plate 185, a rectangular recess 29 1s formed surrounding
cach of the through holes for fittingly receiving of and pro-
viding support for an outer circumierential portion of each of
the cooling members 15. Preferably, a rectangular, resilient
seal 33 1s disposed in the rectangular recess 29 for providing
a resiliency and hermetical seal. As a result, a substantial part
of each of the cooling members 15 1s located 1n the first
chamber 20 and is 1solated from the second chamber 21 of the
evaporator 1. Thus, the moisture generated by and accumu-
lating around the cooling members 135 1s prevented from
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penetrating into the second chamber 21 to cause an undesir-
able moisture problem on the motherboard 11. Also, a heating
device (not shown) may be provided 1n or attached to the back
plate 12 to actively prevent the formation of the moisture on
the motherboard 11. Furthermore, two resilient seals 30, 32
are provided between the top cover 18a and the bottom par-
tition plate 185 of the clamping mechanism 18, and between
the partition plate 185 and the motherboard 11, respectively,
in order to hermetically seal the first and second chambers 20,
21.

The fluid tlow channel 22 of each cooling member 15 has
a corrugated mner surface, as particularly shown 1n FIG. 5.
The flud flow channel 22 1s typically formed by milling a
plurality of round holes 37 interconnected together in the
lower portion 155 of the cooling member 135. This corrugated
configuration of the fluud tlow channel 22 1s capable of
increasing the contact surface between the cooling member
15 and the refrigerant fluid flowing through the fluid flow
channel 22. On the other hand, the corrugated inner surface of
the fluid flow channel 22 1s also advantageous in producing
vortexes as the refrigerant fluid flows through the fluid flow
channel 22, to thereby increase the heat transfer effect for the
evaporator 1. It should be recognized that the holes 37 formed
in the cooling member 15 may also take other shapes. The
two-portion design of the cooling member 15 facilitates the
manufacture of the tluid flow channel 22 and allows the upper
and lower portions 15a, 155 to be constructed from different
metals or other suitable matenals. For example, the upper
portion 15a 1s formed from brass, which has a high hardness,
and the lower portion 1556 1s formed from purple copper (or
red copper), which has a high thermal conductivity. Conven-
tional methods such as brazing or welding are typical tech-
niques for connecting the two portions 15a, 155 together.

FIGS. 6-7 show an alternative embodiment of the cooling
device of the present mmvention. The partition plate 185
thereol has four positioning posts 36 extending upwardly
from four corners of each of the rectangular recesses 29.
Correspondingly, the bottom portion 155 of each of the cool-
ing members 15' defines four positioning holes 33 at an under-
side thereol for receiving these positioning posts 36, to
thereby maintain each of the cooling members 15" 1n good
alignment with the corresponding CPU 10.

It 1s to be understood, however, that even though numerous
characteristics and advantages of the present invention have
been set forth in the foregoing description, together with
details of the structure and function of the invention, the
disclosure 1s 1llustrative only, and changes may be made 1n
detail, especially in matters of shape, size, and arrangement of
parts within the principles of the invention to the full extent
indicated by the broad general meaming of the terms 1n which
the appended claims are expressed.

What 1s claimed 1s:

1. A cooling device for removing heat from multiple heat-
generating components comprising:

an evaporator including multiple cooling members, the
cooling members adapted to thermally contacting the
multiple heat-generating components, respectively;
cach of the cooling members defining therein a fluid tlow
channel having passage of a refrigerant fluid, the refrig-
crant flud being capable of turning into vapor 1n the
cooling members upon recerving the heat;

a condenser; a vapor conduit and a liquid conduit each
being connected between the cooling members and the
condenser, wherein the vapor 1s capable of being trans-
terred via the vapor conduit to the condenser and turning
into condensate 1n the condenser upon releasing the heat,
and the condensate 1s capable of being transferred via
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the liquid conduit to the cooling members; and a diffi-
uent member contained in the evaporator, the diffiuent
member defining therein two 1solated first and second
housings, the first housing being 1n fluid communication
with the liquid conduit and an inlet of the fluid flow
channel of each of the cooling members for dividing the
condensate from the first housing into the fluid tflow
channels of the cooling members, the second housing
being in fluid communication with the vapor conduit and
an outlet of the fluid flow channel of each of the cooling
members.

2. The cooling device of claim 1, wherein each of the
cooling members includes a lower portion and an upper por-
tion connected to the lower portion, and the fluid flow channel
1s Tormed at the lower portion.

3. The cooling device of claim 2, wherein the evaporator
includes a clamping mechanism for mounting the cooling
members to the multiple heat-generating components.

4. The cooling device of claim 3, wherein the clamping
mechanism 1ncludes a top cover and a bottom partition plate,
the top cover and the bottom partition plate cooperate with
cach other to define a first chamber, and the cooling members
are contained in the first chamber.

5. The cooling device of claim 4, wherein the top cover
defines therein a recerving groove, the upper portion of each
of the cooling members has an abutting wall extending there-
from and the abutting wall engages with the top cover in the
receiving groove.

6. The cooling device of claim 5, wherein the abutting wall
and the recerving groove each have an annular configuration.

7. The cooling device of claim 4, wherein an elastic mem-
ber 1s compressed and located between the upper portion of
cach of the cooling members and the top cover of the clamp-
ing mechanism.

8. The cooling device of claim 4, wherein the partition plate
has a plurality of positioning posts formed thereon and the
lower portion of each of the cooling members defines a plu-
rality of positioning holes for receiving the positioning posts.

9. The cooling device of claim 4, wherein the heat-gener-
ating components are integrated circuit chips mounted on a
circuit board, the circuit board cooperates with the partition
plate of the clamping mechanism to define a second chamber
between the partition plate and the circuit board, and the
integrated circuit chips are located at the second chamber.

10. The cooling device of claim 9, wherein an outer cir-
cumierential portion of each of the cooling members abuts
against the partition plate of the clamping mechanism and
said first chamber 1s 1solated from said second chamber.

11. The cooling device of claim 1, wherein the fluid flow
channel has a corrugated nner surface.

12. A cooling device for removing heat from at least two
heat-generating components comprising:

an evaporator defining therein a first chamber and a second

chamber, the evaporator including at least two cooling
members located at the first chamber, the second cham-
ber adapted to receive said at least two heat-generating
components therein, the at least two cooling members
adapted to thermally contacting said at least

two heat-generating components, respectively; each cool-

ing member defining therein a fluid flow channel for
passage of a refrigerant fluid; and

vapor and liquid conduits located outside the evaporator

and being 1n fluid communication with the fluid flow
channel of the each cooling member;

wherein the evaporator includes a clamping mechanism for

mounting the at least two cooling members to the at least
two heat-generating components mounted on a circuit
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board, the clamping mechanism includes atop coverand
a bottom partition plate cooperating with each other to
define said first chamber, the circuit board cooperates
with the bottom partition plate to define said second
chamber therebetween, an outer circumierential portion
of each of the cooling members abuts against the parti-
tion plate of the clamping mechanism, and said first
chamber 1s 1solated from said second chamber.

13. The cooling device of claim 12, wherein urging means
are provided in the first chamber to urge the at least two
cooling members towards the at least two heat-generating
components.

14. The cooling device of claim 12, further comprising a
diffluent member located within the first chamber and being
in flud communication with the fluid flow channels of the at
least two cooling members.

15. The cooling device of claim 14, wherein the diffluent
member defines therein two independent housings, and the
two housings are in fluild communication with the liquid
conduit and the vapor conduit, respectively.

16. A cooling device comprising:

an evaporator having first chamber and second chamber

hermetically 1solated from each other;

a cooling member received 1n the first chamber, the cooling

member including upper and lower portions connected
together;

.
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a heat generating electronic member receirved 1n the second
chamber and 1n thermal contact with the cooling mem-
ber;

an elastic member compressed between the cooling mem-
ber and a top wall of the evaporator for urging the cool-
ing member toward the heat generating electronic mem-
ber; and

an annular abutting wall extending from the upper portion
of the cooling member, the top wall defiming therein an
annular recerving groove, the annular abutting wall
engaging with the top wall 1n the annular receiving
groove and surrounding the elastic member; wherein

refrigerant fluid 1s driven to tlow through the cooling mem-
ber to absorb heat from the heat generating electronic
member.

17. The cooling device of claim 16, wherein the refrigerant

fluid 1s driven to flow through the lower portion.

18. The cooling device of claim 17, wherein a resilient
member 1s provided between the annular abutting wall and
the top wall of the evaporator.

19. The cooling device of claim 18, wherein the evaporator
comprises a partition separating the first and second cham-
bers, and the partition has posts engaging 1n the lower portion
of the cooling member.
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